Candidemia is often a life-threatening infection, with highly variable incidence among countries. We conducted a nationwide study of candidemia in Iceland from 2000 to 2011, in order to determine recent trends in incidence rates, fungal species distribution, antifungal susceptibility patterns, and concurrent antifungal consumption. A total of 208 infection episodes in 199 patients were identified. The average incidence during the 12 years was 5.7 cases/100,000 population/year, which was significantly higher than that from 1990 to 1999 (4.3/100,000/year; P ‫؍‬ 0.02). A significant reduction in the use of blood cultures was noted in the last 3 years of the study, coinciding with the economic crisis in the country (P < 0.001). Age-specific incidence rates were highest among patients at the extremes of age, 20.7/100,000 for <1 year of age and 18.1/100,000 for >60 years, and varied by gender. Age-specific incidence among males >80 years old was 28.6/100,000/year, and it was 8.3/100,000/year for females in this age group (P ‫؍‬ 0.028). The 30-day survival rate among adult patients remained unchanged compared to that from 1990 to 1999 (70.4% versus 69.5%, P ‫؍‬ 0.97). Candida albicans was the predominant species (56%), followed by C. glabrata (16%) and C. tropicalis (13%). The species distribution remained stable compared to that from previous decades. Fluconazole use increased 2.4-fold from 2000 to 2011, with no increase in resistance. In summary, the incidence of candidemia in Iceland has continued to increase but may have reached a steady state, and no increase in antifungal drug resistance has been noted. Decreased use of blood cultures toward the end of the study may have influenced detection rates.
I
nvasive Candida infections have emerged as a serious threat to hospitalized patients in the past decades, incident to increased prevalence of susceptible hosts (1) . Despite the widespread use of antifungals for prophylaxis and treatment of invasive fungal infections, candidemia remains the most frequent life-threatening fungal disease and is associated with prolonged hospital stay, excess cost, and high mortality (2, 3) . In recent years, several populationbased surveys in the United States, Canada, Europe, and Australia have reported an increasing incidence. In the United States, the incidence of candidemia has ranged from 6.0 to 13.3/100,000 population per year (4) (5) (6) , whereas, at the same time, the incidence rates in most European countries have been lower, ranging from 1.9 to 4.8/100,000/year (7) (8) (9) (10) (11) (12) . Exceptionally high incidence of candidemia has recently been reported both in Baltimore, 26.2/ 100,000/year (4), and Denmark, 8.6/100,000/year (13) .
A shift in the epidemiology of hematogenous candidiasis toward greater isolation of non-albicans Candida species has been a global concern in recent years. Although Candida albicans remains the most common Candida species isolated from blood, it currently causes only approximately 50% of candidemia cases (14) (15) (16) (17) (18) . However, significant geographical differences in species distribution exist. The proportion of candidemia caused by C. albicans ranges from 37% in Latin America up to 70% in the Nordic countries (10, 11, 14) . Furthermore, the relative proportions of non-albicans Candida pathogens also vary between the northern and southern parts of the world. C. glabrata is overall the second most common recovered isolate in Europe and North America, while C. parapsilosis and C. tropicalis are more common in Latin America and Asia-Pacific (19) . This has implications for the regional choice of antifungal therapy, based on various susceptibilities of different Candida spp. to common antifungal drugs.
A nationwide study in Iceland revealed that the annual incidence of candidemia increased from 1.4 cases per 100,000 population from 1980 to 1984 to 4.9 cases per 100,000 population from 1995 to 1999 (20) . Given the significant developments in global epidemiology of invasive candidiasis and antifungal therapy, it is of interest to determine whether this trend has continued. We used a nationwide registry to identify all cases of Candida bloodstream infections in Iceland during the ensuing 12-year period, 2000 to 2011. The aim was to determine recent trends in incidence rates, distribution of fungal species and their antifungal susceptibility, as well as concurrent national antifungal consumption.
MATERIALS AND METHODS
Setting, definitions, and methods for blood culture. Iceland had a population of 279,049 at the beginning of 2000 and 319,575 at the end of 2011 (http://www.statice.is). During the 12-year study period, there were 2 university hospitals and 12 community hospitals in the country providing inpatient services. Blood cultures from all the hospitals were processed at 2 sites, one of them serving as the national reference laboratory for the country. Two blood culture systems were used: the Difco ESP system (Difco Laboratories, Detroit, MI) until 2001, and the BacT/Alert system (bioMérieux, Marcy l'Etoile, France) from 2002. An episode of candidemia was defined as at least 1 blood culture positive for Candida species, and episodes were considered to be separate if they occurred at least 30 days apart (11) or were caused by different species. When the incident blood culture was obtained within 48 h of hospital admission, the infection episode was defined as community-onset candidemia. The National Bioethics Committee of Iceland and the Data Protection Authority of Iceland approved the study.
Microbiology. Information on all blood cultures positive for Candida spp. in Iceland from 1 January 2000 through 31 December 2011 was obtained by search in the reference microbiology department's information system, including information regarding total numbers of bloodstream isolates (BSIs), Candida species, and antifungal susceptibility results. Furthermore, information on the total number of blood culture sets processed at the university hospitals was obtained. Each set consisted of aerobic and anaerobic vials. Species identification was based on colony morphology following culture on chromogenic agar (CHROMagar Co., Paris, France) and analysis of sugar assimilation profiles (API 20C AUX and API ID 32C; bioMérieux). In cases where a definite species identification could not be made by these methods, species identification was achieved by using PCR fingerprinting or ITS sequence analysis, as previously described (21, 22) .
Overall, 222 Candida isolates were cultured from blood in Iceland from 2000 to 2011. Susceptibility testing for fluconazole and amphotericin B was performed on all 222 isolates and for itraconazole on 212 (95.5%) isolates. Routine susceptibility testing for voriconazole started in June 2006 and was carried out for all 120 isolates cultured thereafter. Routine testing for caspofungin susceptibility was performed on all 75 isolates cultured after June 2008. Antifungal MICs were determined by using the Etest method (AB bioMérieux, Solna, Sweden) and RPMI 1640 agar medium with 2% glucose (Sigma-Aldrich, St. Louis, MO). Susceptibility results for fluconazole, voriconazole, and the echinocandins were categorized according to recently approved species-specific resistance breakpoints from the Clinical and Laboratory Standards Institute (CLSI) (23) (24) (25) . Regarding fluconazole, isolates of C. albicans, C. tropicalis, and C. parapsilosis with MICs of Ն8 g/ml and isolates of C. glabrata with MICs of Ն64 g/ml were considered resistant. C. krusei was considered intrinsically resistant to fluconazole. For voriconazole, isolates of C. albicans, C. tropicalis, and C. parapsilosis with MICs of Ն1 g/ml and C. krusei isolates with MICs of Ն2 g/ml were considered resistant. For caspofungin, isolates of C. albicans, C. tropicalis, and C. krusei with MICs of Ն1 g/ml, C. parapsilosis isolates with MICs of Ն8 g/ml, and C. glabrata isolates with MICs of Ն0.5 g/ml were considered resistant. For C. dubliniensis, the C. albicans breakpoints were used, but for other species, susceptibility results were categorized according to the CLSI M27-S3 guidelines (26) . Susceptibility results for itraconazole were categorized according to interpretive breakpoints recommended by the CLSI (26) , but in the absence of interpretive breakpoints for amphotericin B, a MIC of Ͼ2 g/ml was considered to be elevated (27) .
Antifungal drug consumption. National sales figures of all antifungal agents in Iceland from 2000 to 2011, expressed as defined daily doses (DDD) per 1,000 inhabitants per day, were obtained from the Icelandic Medicines Agency (http://www.imca.is). The WHO/ATC definition of DDD was applied (http://www.whocc.no). The figures reflect overall antifungal drug use in the country, both in hospitals and primary health care settings.
Statistical analysis. Information on national demographics on an annual basis, including age distribution and gender, was obtained from the national population registry of Iceland (http://www.statice.is). These data were used to calculate the population-based incidence (cases/100,000 population/year) and age-specific incidence of candidemia in the country. Information on patient days and admissions to medical, surgical, and pediatric wards at the university hospitals was obtained from annual hospital reports, and the incidence rates of candidemia per 10,000 patient days and 1,000 admissions were calculated from these numbers. Trends in incidence were examined with the Poisson regression model. We calculated the case fatality proportion for adult patients (189 cases) within 30 days of the first blood culture positive for Candida spp. by hospital records and the national population registry. For comparison, previously published data from 1990 to 1999 in Iceland (105 cases) was included in a Kaplan-Meier survival analysis (28 
RESULTS

Epidemiology.
From 2000 to 2011, we identified 208 episodes of candidemia in 199 patients in Iceland. In total, 191 patients (96.0%) had a single episode of infection. Characteristics of patients with recurrent candidemia have been previously described (29) . The average population-based incidence of candidemia during this 12-year period was 5.7 cases/100,000 population/year (Fig. 1A) . The rate did not change significantly over the 12-year observation period, whether calculated by population at risk, number of admissions, or 10,000 patient days (data not shown). Compared to the previously published nationwide data on candidemia in Iceland from 1990 to 1999 (20) , the average annual incidence of candidemia was significantly higher during the current study period, increasing from 4.3/100,000 from 1990 to 1999 to 5.7 cases/100,000 from 2000 to 2011 (P ϭ 0.02).
When the study halves were compared, the use of blood cultures at the two university hospitals increased by 12% in the second half (Fig. 1A) , and at the same time the proportion of blood cultures positive for Candida spp. increased significantly (P ϭ 0.031). A notable drop in incidence of candidemia was observed after 2009, with a simultaneous reduction in blood cultures (Fig. 1A) . Overall, the annual use of blood cultures decreased significantly during this posteconomic crisis period, with a rate ratio of 0. The median age of adults (Ͼ16 years of age) was 64 years (range, 17 to 92 years; interquartile range, 48 to 74 years), and that among children was 2 months (range, 1 to 200 months; interquartile range, 1 to 39 months). The proportions of male and female patients were 57% and 43%, respectively (P ϭ 0.077). Age-specific incidence rates are shown in Fig. 1B and were highest among patients at the extremes of the age spectrum (rate, 20.7/100,000 for Ͻ1 year of age and 18.1/100,000 for Ͼ60 years of age). There was male dominance among candidemic infants Ͻ1 year of age and the elderly (Ͼ60 years), with the largest age-specific difference observed for patients Ͼ80 years old (male rate, 28.6/100,000; female rate, 8.3/100,000; P ϭ 0.028). The majority of episodes were diagnosed in patients who had spent Ͼ48 h at the hospital at the time of diagnosis (177/208, 85.1%), whereas community-onset infections were rare (31/208, 14 (Fig. 2) .
Candida species. An overview of the different Candida species cultured from blood is given in Table 1 . Candida albicans was the most frequently isolated species (124 [55.9%] of 222 isolates), followed by C. glabrata (16%), and C. tropicalis (13%). C. dubliniensis and C. parapsilosis were relatively rare (5.4% and 5.0%, respectively). The species distribution remained stable during the 12-year study period (Table 1) . Although the proportion of nonalbicans Candida species increased slightly from 39% in 2000 to 2003 to 45% in 2008 to 2011, this increase was not significant (P ϭ 0.46). Polyfungal infections were identified in 12 cases (5.8%); 2 different Candida sp. were isolated simultaneously in 10 cases and 3 different Candida sp. in 2 cases. There was a higher proportion of C. glabrata isolates cultured from patients with polyfungemia than from patients infected by a single species (31% [8 of 26] versus 14% [28 of 196] ; P ϭ 0.045). The age distribution of patients with polyfungemia and patients infected by one Candida species did not differ significantly.
The distribution of Candida BSIs according to species and age of the patients is shown in Table 2 . C. albicans was the most common cause in all age groups, but the distribution of other species varied by age. C. parapsilosis showed a predilection toward younger patients (Յ20 years old), whereas neither C. glabrata nor C. tropicalis were recovered from this patient group. Conversely, the proportion of infections caused by C. glabrata increased sig- an annual basis. The solid line represents the population-based incidence, whereas the gray columns depict the absolute number of blood culture sets, unadjusted for population size. (B) Annual age-specific incidence by age and gender.
nificantly with age (P ϭ 0.001). The species distribution did not vary significantly with gender (data not shown).
Antifungal susceptibility. The MICs for amphotericin B, fluconazole, and itraconazole were routinely determined for all available BSIs. A summary of the in vitro antifungal susceptibility test results is given in Table 3 . Among the 222 isolates, 216 (97.3%) were susceptible to fluconazole, including all C. albicans, C. parapsilosis, and C. dubliniensis isolates. Fluconazole resistance was due mainly to C. krusei as well as single C. glabrata and C. tropicalis isolates. In addition, an isolate tentatively classified as C. silvicola was fully resistant to fluconazole (MIC ϭ 256 g/ml). The proportion of isolates highly susceptible to fluconazole (MIC of Յ1 g/ml) remained stable at 80 to 85% throughout the 12-year study period. Furthermore, no significant change was noted in the distribution of MICs of fluconazole during the current study period (2000 to 2011) compared to previously published data from 1990 to 1999 in Iceland (20) , with a median MIC of 0.25 g/ml during both time periods (P ϭ 0.24). The specific distribution of fluconazole MICs in C. albicans for 1990 to 1999 and 2000 to 2011 is shown in Fig. 3 . In addition, 97.8% (89/91) of C. albicans, C. tropicalis, C. parapsilosis, and C. dubliniensis isolates tested were susceptible to voriconazole, and, among other species, 86% (25/ 29) had a MIC of Յ0.5 g/ml. Overall, 80.2% (170/212) of isolates tested were susceptible to itraconazole, including all C. albicans BSIs (MIC Ͻ 1 g/ml).
Resistance to caspofungin was not detected; 88% (66/75) of isolates tested were susceptible, whereas the remaining isolates, primarily C. glabrata, had an intermediate susceptibility to the agent. Furthermore, none of the 222 isolates had elevated MIC values of Ͼ2 g/ml for amphotericin B.
National consumption of antifungal agents. Data on the total nationwide consumption of systemic antifungal agents, 2000 to 2011, are provided in Table 4 . As shown, the annual consumption of fluconazole increased by 141%, from 39.5 to 95.1 DDD per 1,000 inhabitants. The annual use of oral formulations increased from 35.9 to 89.7 DDD per 1,000 inhabitants (150%), whereas the annual use of parenteral formulations increased from 3.6 to 5.4 DDD per 1,000 inhabitants (50%). Voriconazole and echinocandins were first imported in Iceland in 2002 and 2003, respectively.
DISCUSSION
This nationwide study of candidemia assessed secular trends in incidence and species distribution during a 12-year period, representing data from both university and community hospitals. The annual incidence of candidemia in Iceland is slightly higher than that observed in most other population-based European studies when the incidence for analogous time intervals is compared. The annual incidence in the Nordic countries of Finland from 2004 to 2007 and Norway from 2000 to 2003 was 2.9 cases/100,000 population; identical incidence has been reported from Canada (10, 11, 30) . However, Denmark seems to be an outlier, with an annual average incidence of 8.6/100,000 from 2004 to 2009 (13) . At the two extremes among western societies, Australia reports a comparatively low rate of 1.8 cases per 100,000 population (31), whereas a recent population-based surveillance study from the United States conducted from 2008 to 2011 showed incidence rates of 13.3 cases/100,000/year in Atlanta and even as high as 26.2 cases/100,000/year in Baltimore (4) . Importantly, all the aforementioned studies documented an overall increase in incidence over the course of study. The differences between countries may result from demographic differences, but variations in clinical practice more likely have a larger effect, such as central venous catheter (CVC) use, utilization of blood cultures, antibiotic selection, and use of antifungals for prophylaxis.
The average annual incidence of candidemia increased significantly in 2000 to 2011 compared to the previous decade in Iceland. However, within the current study period, the incidence increased slowly at an average of 2.2% for each year and may be reaching a steady state. Following a peak in 2009 at 7.6, there was a marked fall in incidence rates during the two last years of the study, to 6.6 cases/100,000 population in 2010 and 4.4 cases/ 100,000 population in 2011. The reasons for this shift in epidemiology of candidemia in the country are unclear. The same blood culture system and other laboratory methods were used throughout the study period. Thus, we propose three potential explanations. First, it might reflect a true decrease in infection rates. This could be explained by increased awareness of hospital staff of the importance of preventive measures and infection control in the hospital environment. Interventions such as hand washing, improved skin disinfections, and removal of unnecessary catheters have been shown to dramatically reduce the rate of catheter-related bloodstream infection in intensive care units (32) . Second, the number of susceptible hosts may have dropped due to less aggressive therapeutic practices, such as less frequent use of CVCs. Third, it could be due to underdiagnosis of Candida bloodstream The high incidence of candidemia among patients at the extremes of the age spectrum reported here is consistent with previous reports (10, 11, 13, 30, 31) . The average age-specific incidence among infants Ͻ1 year of age was, however, surprisingly high at 20.7 cases/100,000 population/year, which was double the incidence found during the 1990s in Iceland (11.2 cases/100,000). This is also two to three times higher than that reported from the other Northern European countries (6.9 to 11.3 cases/100,000 population) (10, 11, 13) but lower than the rates reported from Spain (38.8/100,000 population) (7) and among white neonates in two population-based U.S. studies (37 and 41/100,000 population) (6, 33) . By genotyping of Candida blood isolates, we have previously shown that nosocomial clustering of candidemia is particularly prevalent in the neonatal intensive care unit setting (21) . Our study, therefore, confirms and emphasizes the risk of candidemia in this vulnerable population and the importance of preventive measures. Of further interest was an increase in agespecific incidence from 10.0 in 1990 to 1999 to 16.8 cases/100,000 in 2000 to 2011 among patients older than 80 years of age. The male dominance in this age category is also of interest, being more than three times higher than among women within the same age range. Similarly, a nationwide study in Denmark from 2004 to 2009 reported a significantly higher incidence among males than females among patients Ͼ60 years of age (13) , and other studies have documented a higher proportion of males in older patients with candidemia (10, 11) . The reasons for this contrast are unclear and need further study but could possibly include gender-related differences in host or risk factors for candidemia, as well as treatment-related singularities.
The all-cause 30-day case fatality rate among adult patients during the 12-year study period was 29.6%, which is in concordance with rates reported from European tertiary care centers, ranging from 26% to 38% (18, 34) . Our study therefore supports the notion that the mortality associated with candidemia has not changed substantially in the past 2 decades despite the availability of less toxic and more fungicidal agents.
A shift in the epidemiology of hematogenous candidiasis toward greater isolation of non-albicans Candida species with reduced susceptibility to azole antifungal agents has been a global concern in the past 2 decades, and C. albicans currently causes a little less than 50% of candidemias worldwide (19) . In the United States, C. glabrata increased as a cause of invasive candidiasis from 18% of all isolates from 1992 to 2001 to 25% in 2001 to 2007, with a concomitant increase in fluconazole resistance from 9% to 14% (35) . A similar development has been reported from the Nordic countries (10, 11, 13) . Although C. albicans remained the most frequently isolated species from blood throughout the 12-year study period, there has been a trend toward decreased isolation of C. albicans and C. parapsilosis and a notable increase in isolation of C. tropicalis compared to that in the 1990s (6.7% versus 13%). The relatively stable proportion of C. glabrata bloodstream infections in Iceland in the past 30 years may, in part, be explained by the infrequent use of fluconazole prophylaxis. The increased frequency of C. glabrata bloodstream infections among older patients is in agreement with previous studies (13, 36) , and others have noted that elderly patients (Ͼ60 years old) may also be at increased risk of dying from candidemia caused by C. glabrata (37) . The elderly have higher rates of oropharyngeal colonization with C. glabrata (38) , but the relationship to bloodstream infection is not clear. Our results also confirm that candidemia with C. parapsilosis are more commonly encountered in young patients than in adults (39) . Surprisingly, this species was not a major pathogen among infants (Ͻ1 year of age). Furthermore, we did not observe an increase in C. parapsilosis infections after the introduction of the echinocandins, as reported by Forrest et al. (40) . Given the known propensity of C. parapsilosis to adhere to foreign material (41) and a decreasing proportion of C. parapsilosis infections diagnosed in the country in the past 12 years compared to that in the previous decade (20) , these results might suggest improved catheter care and infection control procedures in the country. Overall, 97.3% of the Candida BSIs tested were susceptible to fluconazole, which further confirms the infrequent fluconazole resistance among C. albicans, C. parapsilosis, and C. tropicalis reported in a recent global survey (42) . Furthermore, no significant change in distribution of fluconazole MICs was noted during the current study period compared to that in the previous decade in Iceland, despite a more than 2-fold increase in use from 2000 to 2011. Our data on antifungal consumption are directly comparable to national data on fluconazole usage reported from Denmark and Norway. In 2009, the use of fluconazole was 58.8 DDD/1,000 inhabitants/year in Norway, 79.0 DDD/1,000 inhabitants/year in Iceland, and 160 DDD/1,000 inhabitants/year in Denmark (13) . This may explain why reduced azole susceptibility in Candida spp. normally susceptible to fluconazole occurs more frequently in Denmark than in Norway and Iceland.
Voriconazole was first registered in Iceland in 2002, and its use increased steadily thereafter. The consumption of other antifungal agents remained stable. Echinocandins are infrequently used in Iceland, and their use has not increased in recent years, which is largely explained by the high cost of treatment. This is of concern, since recent treatment guidelines recommend an echinocandin as a first-line choice for invasive candidiasis, in particular for the critically ill, those with previous azole exposure, and those infected with less susceptible Candida spp., such as C. glabrata and C. krusei (43) . Moreover, a recent review of randomized trials for treatment of invasive candidiasis identified removal of the CVC and the use of an echinocandin drug for treatment as the most important factors in improving survival and for patient success (44) .
In conclusion, this population-based, nationwide study has shown that the incidence of candidemia in Iceland has increased significantly, albeit more slowly, during the past 12 years after a rapid increase in incidence in the 1980s and 1990s. A drop in incidence rates during the last 2 years of the study period coincided with decreased use of blood cultures and severe hospital budget cuts following the economic crisis in Iceland. The study further confirms the high and increasing incidence of candidemia as well as significant gender differences among patients at the extremes of age. C. albicans remained the most common cause of candidemia througout the study without significant changes in species distribution. Fluconazole use in Iceland more than doubled from 2000 to 2011, but with no apparent increase in resistance to this agent.
